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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high-purity 
complex oxide in which each component completely 

forms a solid solution with LiNi02 and the cycle MifeMliii?^ 
characteristics in discharge and charge are improved 

by adding a lithium compound to a basic metal salt '-^ 

synthesized in the presence of non-oxidizing 

atmosphere and/or a reducing agent in a water 

medium, spray-drying or freeze-drying the mixture 

and baking the mixture under an oxidation 

atmosphere. 

SOLUTION: This complex oxide is represented by 

formula I [M is Al, Fe. Mn or B; 0.01<(x)<0.5; (x)=(x1)+ _ 

(x2); 0.01<(x1)<0.5; 0<(x2)<0.3; 0.9<(y)<1 .3], This aC|*J^«^^t^^^:^5t^fe 

method for synthesizing the complex oxide comprises 

adding a lithium compound corresponding to Li atom 

molar number shown by (y) to a basic metal salt 

represented by formula II [M is Al, Fe or Mn; An-1 is a 

n-valent anion; 0.03<Z<0.3; (m) is a positive number] 

in water medium, adding a boron compound 

corresponding to atomic number of boron only when boron is included in formula I and 
subjecting the mixture to spray drying or freeze drying and baking the complex under an 
oxidizing atmosphere at a temp, of 600-900'' C. 
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[<tll L i,Ni»..Co.,M..O, (I) 
i^^. MttAl, Fe. Mn, Bmilf^hm\ttl^:l>tj: 
<i4>iaa±^^0. x«0. 0 1^x^0. 5T?*>* 

Ni'\.. (Co'\ Co'*) ,xM^\, 
(^43, M«A K Fe. Mn^;«PiSil53rn5ii>^< i 

0. 03<Z<0. 3, mtJiEi^^^T) TTn^ti-S^ 
mti^^tcy-CTf^-r L i M-?^-^Jl'ilJ[tctS^-r5S<D 0 10 

( I > <c*jc^rw^«:^*if -5>ii^{c»l!I^OM^«c 
N i'\..Co'%»M'%, (OH) 

5 1 Kfb:^ffiMTr|5j 6 0 0 -c- 9 0 0 -cr 

C»*^6 ] i9*3B 1 <D-H@e^ ( I ) CC*Jt*r , M;&i 
1*50. 0 1^Xa<0. 5. x,;^^O^Xz<0. 3<D^ 

H(c * ^ c <t <L r^m^m i imommtim^ 

in^l ] 1 CD-jK^ ( I ) U:*Ji,^r . Mifi^ 

N (Co'\ Co'O .tM'\, 

(^43, M«A1. Fe. MnS^*i63S«ti^^^c< i 
l«J£(±*7nt, A-Wnfficr>r:=-3h>^:^'r) -C^ 

( I ) ictei^-cii^^^Sii-^iiS^tc^ir^coM^tc 40 
SMTr*^ 600 •0-900 xi:imrr^ ctfcj:^n 

CftS] L i,N i^..Co.,M.,0, (I) 
{^^. M«AK Fe. Mn. Bmtf^fi>Mim^:!^fj: 
<i*>ia«±^7KU, xUO. Ol^x^O. 5r* 
')x = Xi + x,. x,WO^x,<0. 5. XtUO^x, 
<0. 3, yUO. 9^y^l. S^t^T) TTn^ii^ 



*Dx = Xt + x,. Xi»0. 01^Xt<0. 5, x,W 
0^x,<0, 3. yittO. g^y^l. 3%7KT)r 

(OH) (A--.) • mH,0 (II) 

^mf^r^^e o o-c-g o o -cr^t- ^ c i^&j^i 

I^'!m2] Tiamn^Ni. CoJ^C/AK Fe. M 
Ut31 

MM (A--.) • mH,0 (m) 

★ A i:RC^B*r^$n. x,:«>^0. 01^x.<0. 5. x 
,*i0^x,<0. 3<DieH«:*-6Ci%1^m<h'r^li3jc 



in^s ] ±^-m^ (II) . (III) Tijk^ 
Ni, cosc^Ai. Fe, Mnm^^m\tn^:^^< 

im 2 «±©iS5R3i 1 im<D »; ^ A :i ^ ^ ^i^at^^ft 
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(OH) (A-.) • mH.O (H) 
[0 00 1] 
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tc*jC:f?>-!f ^^;i/#itK:5HliAi*0, C(DL i N i O, 
CQ-tf^^Jl/J^tt^SJ^^r-S/cafttc. N i CO— aJ€:f&©^ 
^(Co. Mn, Al. Fe. Ti, V^i') rig^^ 

N i OiOD^^:^?^«. LisJc^CLiOH, Li, CO 
3, L incut*) iNi^^ (*K{t«J. ^<k^. 

mitwj:tn tif&(DfSL^ {ymim. mmitm. mit^ 

^^^A^L i N i 0^^cmmLfti>(D^n^Ctifinl. 
< . "tOfc^L i N i 0,©!^T*'2)iS«M^S^^ 
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J:':)SBfc^fi^^*^L i N i 0,K:^^HSl/:^t»o^ 

fiX^rN i CT)— iaJ^gJ^0/c^C0O4i-CC o ^fflt^it^ 
<0«L i N i 0,<Di^-/5^;u«FttcD:;*:|g^c3fc^»m6n 

esiffi'NiKft^sttrijf), L/3&^«>, co'^ (OH) 

,<0%^«Ni (OH) ,CcS?gUTt*>iC^ ^E-<D/c«i>i^*30 

Ni'\-. (Co'*. Co^-) mM'\^ ( 
CO 00 9] (S;*. MttAK Fe, Mn»*^6«tf 

ZttO. 0 3<Z<0. 3. m«jEI^^:^T) 

rKlk^ffl^rr^e o o -c- 9 o o •C'r«i^^ c i 4o 
X. K^k^s^a^TTH^e 0 o-c-9 o oxx-m^ 

•r-5la«:. #^K{fc^ffiSlTr«*J3 0 0-5 0 o-c^«« 

l0 0l0]:^^^<O^^^>hit^ft^^ib^N i (OH) 
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[0 00 6] 

[ffca ] L i.N ii-.CcM.,0, ( I ) 

[0 00 7] (^43. M«AK Fe. Mn. Sm^h 

^0. 5r*9x = Xi+X2. Xt«0. 0 1^Xt< 
0. 5. x,5i0^x,<0. 3, y»0. 9^y^l. 

[0 00 8] 
[<fc7] 

OH) (A--.) • mH,0 (II) 

i N i 0,K:^@?$U/cy ^•:?A^r;^JHg'^ 

ft V ^-^^ A^x®ifeffiiE@M^^«>&^f#6nfcc t 

[0011] *|%B^(Cffil»^iS7C^J<i: L/T», r:^3 Jl- 
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[0012] fi7K«JO«5fllS». jSlS«K®|5j2 %£iT * 

{tJ:*)^±(cmit^^MO. ^^^t}iN i (OH) 
[0013] :$:^§^05SiS:^(c^i^^^^^^^0 

tmmifi^bti. cottR^Bj^aa, Tiqm^^^m^ 
[0014] 7S^m<DiEm^t»^r^^\it. m^m<D'i^ 

T». ^^tf, ^^ymmtTJi^tfVyf^^mt^. m 20 

[0015] TkSii^^i br N i . Co. A 
:=.5f->3ftSNO,. SO4. CI, Br, CH,COO^j:<t: 

T^^ns^d^^is^r'SciT^. <i:o$?Mcc«s 30 

Sffi Ur SfiR^a>;^St^JS^^ig^r -5 C t CC J: 0 19 
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x^mr s y ^ ^ a z:;^?iMiE«§!^tJ, -e©«?tfe 

^CC43l^r L i N i 0,<D^^,r*-51f-/ d^^U^tt^ 

/3^»B^H;g3l*5CiCcJ:Dfi?iaS^14^L i N i 
o, <D#sir * S]a^s»^a«:ta>a: ^ C <t^j: < 3fc#r * 
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[0026] 50 
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[00173 3jc|^qg«:ffit>^^Stt^JS5ig». ^igi^ 

-jjft^ (II), (III) (DA"tbX{tUOr 
X5iCO/-O^Sf4^ifiOffi*^t>i^*«t(m<D«!^ 

[0018] mmt^^^^t^mm-t^y^m^^v^o^^t 

^iOr5i. Li OH, Li NO,, Li,CO,J^j:i: 

3&^*tfe>n^^. *:^B^tc*5t^rwcne©isw±*ffi 

[0019] *^B^(D5Sjt:^tc*5i*r, ±ifi{fc^<o 
m&fxm^^-^tvx. y^r^-^^Ait^ior^L i 
OH. S!l^{b^i^<bLr{*WM^^-r^6^3:>^. ilX^, 

[0 02 0] :$imM<DV'^^^^y^)^^^mtmo>m: 

^:?ri£cc*jt^r , ^{t#HMTr'i^6 0 0 -c-'9 0 0 "c 
ximrt^mi^c. i^m^t^m^rxms 0 0--5 0 o-c 

<tOiillicCo*5L i N i O^tcSi^L, S: 

[002 1 ] mif^m^Txo^^mx. ^^\mM^^ 
i>»^msKiTrffA«si\ jR^ssffwe 0 0-90 
o-c-c*-5*i, $?M{c«^7 0 o-^^soo-cr^pp, 
«lfi5c^Bl«iimi 0-4 5^rar*^. — 

[0022] ^^^©y^^A^7i5r;l/^^^{t!^0i. 
S^^3&«L i N i 0,K:^^CCBigC//iHb©r**D, m 

i, CoWJAX. Fe, Mni?A^6®in^^i-^^r< i 

h 1 ati Jio^?gl^)Si^ i^^^r ;b;?7 y i ^ , 

c<?:K:J:^f^6ti^-ffl5S 
[0 02 3] 
[ffcS] 

(A"-.) • mH,0 (in) 

B5Wra;c:^{C4. 0 mo 1 / I ^§^<z:>7fc^{fc:^ h y 
M.mBLA2 0m\^Ktimkii:^^^m^^^. Ni : 
Co : A I<3D^;Ht3&i8 : 1 : 1 LU^^'^dCZ. Om 

$-li:-5C<becJ:0N i,.,Co..aA 1 . , , CDi^SI*^:^ 

^y-^ff/c. co;«;^y-'4^o (N i -i-c o + A I ) 
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(,mo^^itifiL i/(Ni+Co + A!) =1. 05 

iix F - 6 3 0 ^) (icxm^mr3 5 o -c-r i 
mm^^k. wmmsLTi 2 5 -c-c 1 5 mffSm^Lfc. m 

jmi<Oit^m^{ti. L i,.o,N io.,,,Co..»oiA 1 

[0 02 7]||J|S^2 10 
?gEgjatSS&c4. 0 mo I / 1 tS&<0;miti' V'Jl7 
J^mWi4Z0m\^XtVSm:^:^^^m^^^. Ni : 
C o : A 1 : F e O^/l^Jt^^S : 1 : 0. 5:0. 5 i 
Aj:5J:^(c2. Omo 1 / 1 iftgCQffiK::^ 7 ^il'. 

Co, ..A l,..,F e..,,CD*aStti^^7i;-*^yt. 
C<DX7i;-tfiO (N i +C0 + AI +Fe) tC>itL/Jll 20 
^Jt^^L i/ (N i +CO+A 1 +F e) =1. 0 5 tc 

*g^T2»s<^)3ino lyiTmitv^^j^Acim^mia 

TF-6 3 0SE) cc-r^««3iT3 5 0-c-rmiai^{g 
i^ft, m^mmT7 2 5 -ct i 5mmmfS,vtc. 

^coit^mmt. L i t..4N i «,,„C o,,^o»A 1 

0. 0^t F eo.ojjOiT^-^/t. 

[0 0 2 8]||M{^3 30 

4. 0 m o 1 / 1 ^*SCD7kK^t:^ h V ^ A^4 2 0m 

1 ^:An^;«/;^^^i®$'lt?>. N i : C o : A 1<0^ 
A'itffiS : 1 : li^^i^ica. Omo 1 / 1 aftS© 

m^m^h. CCOS^7K5Si«4 0 Om 1 K:r-X3/H:r> 

055'*^i:trrrrT'5. n^tifcfyi^m^mm^^^rm 

A 1 ...CDt^Sl^^JX^ y-^r^fc. CCDX^U-^a> 40 

(N i +CO + A 1 ) (.cMbM^itifiL i / (N i +C 
o + Al)=l. 0 SCCffi^-r^^fiOSmo ly ItKS^ 

0«l5W£«l*tfoyi:. Tit/ 5:^55 

ji^-h«:Anift^ (ajEQ«5l5aTF-6 3 0^) tcr 
SJRacjiT 4 5 0 -en ^IBI^««Sca. Wa^MT 7 

2 5 x:r 4 5^iaiig^L//c. fi^feoYt^ffijssri. l i 

1. BjN i o..,2C o«.iojA 1 •.•s^Ot'C^oyh. 

[0 029] ^W4 50 
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IQS«?ll3rt§e>ii/i:N i...Co..,A K.aO^^tt^ 

x^y-cc. :k^v-^<d (n i +C0 + A 1) uznu 

^6CM^Jt*iL i/ <N i +Co +A 1 + B) = 1. 0 
5K:ta^r6S<03mo l/lTk^^by^':?^*^^: 

r;VS:^8i^--h{CAn^«*F (aiffl^S?TF-6 3 
OS) CCT^a£3iT4 5 OXn ^fffl^^^l^f^, ^ 
mtMr7 2 5X^4 S^r^^^L/Zc. ^fiS^^^^ft^M 
^{i, L ii.o<Ni».7i$Co».ioiA l».©94Bo.oioO 

[0 0 3 0] mmms 

ms&M3 rfflc^/tr;^ t^>Mmt) o ic n a , S O3 

F - 6 3 oM) icxw^mrs 5 0 -en mm^m 
fim. m^MTi 2 5-0X15 msmmofc. 

(Oit^^M^^t. L i i.aiN i o.i9«C Oa.ioi A 1 9.«»J 

[0 03 1] mmme 

N i : C 0 : A l<O^J\^itil)^S : 1 : 1 iJ^C^,:fc^tc 
2. Omo I / 1 «S<D?i6K^ 5^ «SK^^^•i^h& 

i 2 . 0 m o 1 / 1 iSi^cO^i- h 0 ^ J>^:^^m^Ki^^ 

pH8. 5ttj:^^^^m^m^if\.\ m.ur. mm 

aSiS. TkiJfem. ;^tCiB^$'t^^C<!:tCj:i3N ia..Co 

O (N i +C0+A 1) (C^OM^tb^^L i/ (N i + 
Co+Al)=l. 0 5(C|B^r^SCD3mo I/ItK 

^TJi^^i-n^-hiCKtl'm^ (lljEB«SlS3TF-6 

3 OM) ^xm^MTAr 5 0 -Cr 1 BSH^ilgS^. 

^^T7 5 0-c-ci 5 mmmj^iytc. mmnoMt-^ 

jffiJ5j6». L ii.,3N 03 Co,. 1,0 A l,.o»iO,r* 

[0 03 2] Il5fe««j7 

y-cc, (N i +c o + A 1 ) {cMO 

lS-?^Jt'CiaS^^9 8 : 2«:nc^J:'5K:ll®*^iJflL, 5 
6CCM^lt*<L i/ <Ni +CO+A 1 +B) = 1. 0 

5K:ta^t*6fi<D3mo i/i7kM{ty^'i?A*?g«^ 

ffl«^TF-6 3 0M) «:r^«*5iT4 5ox;r-i 
^iai^«5fi£^. K3RijfeiiT7 7 5 x;ri 5 i^ra^fixo 

A 1 o.«»»Bo..,„0,r*r3/c. 
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[0 03 3] mmms 

N i : Co : A 1 CO^iV'tfc^S : 1 : 1 tUi^'^^C 
2. Omo iyii&&(mm:^^^J\^. m^::3J^Jlhl&, 

CCTX3;H^>K^ 1 ^J^C-^Jz^CC^JDA^, 2. Omo 

i + C0+AI ) «C?tfL/M^tt:*«L i/ (N i + Co + 
Ai)=l. 0 5CCta^T'SS<D3mo l/l:^gt{fcll 

5 :f s^^i^- h ^Ktt^v^ iium^f^nr f - e 3 0 
m ^nm^^MTA 5 0 -en ^m^^M^m. 

L i i.ojN i o.i.^C o».ott A 1 •.•,,Oa'C*-3 
fc. 20 
[0 034] llifi«?59 

Ni : Co : A ICD^il/JW^S : 1 : ltU^J:^(iC 
2. Omo l/liftg:©?fflK:=.':^^Jl', WKn/^iUhR 

(,cr:^::i)Vt:>m^2%i/^^J:^(.cm^^. 4. Omo 
8. stairs J: ^tciol^^jn^m^ ^MT, f^^mtsi 

2o^raittra£^fcci5:ofc. ffenfcscss^a 

ia. *i5fef^. :*:5CiSl?©$i±<5C <i:CC<fcDN i 0..C Oo.i 30 

(N i + CO+A 1 ) (iCnom^lttfiL i / (N i + C 
o + A 1 ) = 1 . 0 5 tcffi^-r 2>S<03 m o \ yi 

r;i/^ htcAn^t^ (Ojeg^s^TF - 6 3 
oM) icxmmm&rA 5 o-c-r i s^ra^otiwi^, » 
m^ri 5 0 -on s^mm^hft. mmi<Dit^& 

fiStt. L i i.oiN i o.f.^C Oo.id.A 1 o.ioiOjT^-^ 

/C. 40 

[0035] nmmi o 

y-(c. x^y-cf3<o (N i + c o + A 1 ) cc>^i/ 
M^itrai«*i9 8 : 2ccj&^<fcOK:wK%aa5nu, 5 

6CcM^tfc>)SL i/ (Ni +CO+A 1+B) = 1. 0 

m^fmr f - e 3 om) tc-c^3^sT4 5 0 -en 

K«a^T7 7 5 X;-Cl 5 L so 
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tc. jmm<oit^mmt. l ix.p.N io.7..co..... 

[0036] kt^m 1 

N i : Co : A 1 cr)^;l'Jt*S0 . 8:0. 1:0. It 

coo.iA io.,<?)^Stt^;^^y-€rf#}^c. c©;^^'; 

-ifcO (N i + CO+A 1 ) ^ni^mrF^tffil. \/ (N 
i+Co-HAl ) =1. 0 SCCtg^TSS^DSmo 1 X 

F - 6 3 CM) tCTM^i/^T3 5 0 -C-C 1 WSi^m 
fiXa, Sr3ftfifeMT7 2 5-C-ri 5B#!BJig|)5SL/t. SSfiX*^ 

CD{l:^^^J53t{i. L i i.ojN io.,aiC OB.a.oA 1 0.0.7 

[0 03 7] it^«?ii2 

itljJtFUl'C^fen^tN io..Co..,A U.aC?>iS^t4^ 

;^5y-cc, j^^y-'tpo (n i +c o+a i) {c^ti.. 

6CcZ^^it;C;^L i/ <N i+Co+A 1 +B) = 1. 0 
5K:tBST^SCD3mo 1 / 1 7K®t{l: y ^-5 A*«?S?S: 

Ba«^T F - 6 3 OM) k:rM^$^T4 5 0 -cr 1 
n^^'^m^. mk^yi 5 o-cn sB^ra^u 

fc, ^^^^CD'fk^^MJlSii, L i 1.04 N i 0.7. 7C Oo.o». 

A 1 0 .a»c Bo . 019 OjT*^ "o/dtt 

[0038] ;XtC2[s:||Sfefi?«. Jt$5WTff etiJfcifg^S 
aoc o ooffi^f fcK^a 1 Co<03ffliK», :^C 

o ^mmt 5 3 ffi<o c 0 cDS^^r ^ 1/ . ^{ tsss 

^tCj:OS']^L//c. i«l40. 2g€:0. 25MCC>FeS 

- 3 . 6 \^^wmK^m\^. mmz m 1 ^mx 
m^^^m^mK Tsa^J: *3 s^f^^jo^c o jcstr ^ 

3ffi©Co<0«d^ (%) ^CC*5C^rf ttO. 

lN<7>jav>^>K^y':7A^S£©:7T^af-. Xo» 
^^®l?g^ (ml). X^tm^ (ml). mt3rK*4 

fi (ff) . A«Co<o^ (%) r*^. 

Wi4tpCDCoCD3lig (%) =5 8. 93 f (X,-X) 
/mA 

lI^K:4b*L^7:7=-^7&5v>f:f-;^^^OfciS^tt. Co© 

[0 039] mi^Tjkrm^x*). immifCimLXi.^ 
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[004 1] ^xtc2rciit6w. \mmvnhirifdmsi<D 

[0 0 4 2] %W^n(^\XHm') ^^^iy- 
nf u>»|^?LSil <-feJl'^-F2 5 0 2) i^-^x^ 
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ffi&cr, 3. 0--4. svora-c^t&m^tfo/ii. 

[0044] COmSfe^C!^*. fZmi^SS (m A 
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